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INTRODUCTION The actual attachment of mineral particles
to a flotation bubble is conceded to be a
purely physical phenomena. The force with which the mineral
particle is held to the flotation bubble is also physical
*
in nature, but this physical force can be controlled by 
the addition of chemical reagents* The exact manner in 
which chemical reagents accomplish the flotation of mineral 
particles remains somewhat of a debatable question. Two 
general views advanced are:
-1- Chemical change of the surface of the 
mineral particle- thus changing its 
physical characteristics.
-2- Adsorption of reagents and colloidal 
matter on the surface of sulfide 
particles- thus changing its physical 
characteristics.
Because of the greater evidence supporting 
the ^Chemical Theory*1 of flotation, it has become the most 
widely accepted theory and many former supporters of the 
^Adsorption Theory'” have, within the past few years, 
accepted the chemical theory as being the most logical and 
as having the most fundamental scientific evidence for its 
existence. Unquestionably some conditions in flotation can 
be attributed to adsorption, but in the majority of such
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cases it can be controlled by chemical changes.
Professor S. Power Warren has made a very 
worthy contribution to the chemical theory in calling 
attention to the solubility of metal xanthates and their 
effect on differential flotation. It is contended that 
the rate of flotation of a sulfide particle is controlled 
by the metal xanthate solubility of the metal therein 
contained. In support of this theory it is shown that a 
mineral, in order to have a fast flotation rate, must be 
present in a pulp whose conditions are such that the metal 
xanthate of the metal of the mineral is insoluble. When 
differential flotation conditions are correct, only one 
metal xanthate is insoluble while all metal xanthates of 
the other minerals are soluble# For instance, galena is 
usually separated from other minerals in an alkaline 
circuit in the presence of a caustic cyanide. Under such 
conditions galena floats because lead xanthate is the only 
metal xanthate that is insoluble in an alkaline pulp in 
the presence of cyanide. The theory is logical and unquestion­
ably true because lead xanthate is the only one that can 
form on its mineral galena, making it water repellant, while 
the others all become less watbt* repellant because their 
respective xanthates can not form.
If flotation can be governed by governing 
the metallic xanthate solubility of the metals in the
-3-
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various minerals, it would follow that flotation results 
on complex ores of similar crystal size should be uniform 
as to grade and recovery regardless of the mineralogical 
province from which the mineral was taken, providing no 
other factor entered into the flotation phenomena to disturb 
those results. We know that such is not the ease. That no 
two ores, even within the same mineralogical province, 
behave the same in a flotation cell. Wide variations in "o 
results between two ores that appear to have exactly the 
same characteristics in every respect, have caused many 
engineers to question the chemical theory of flotation.
Flotation has been in practice for over twenty 
years and during this period extensive research on theory 
and practice has been carried out by many operators# Yet 
today it is virtually impossible to forecast flotation 
results with any degree of accuracy until the ore has 
actually been run through a series of flotation test runs.
It is the purpose of this thesis to show that the general 
failure to anticipate the behavior of an ore in a flotation 
cell and to definitely apply the chemical theory of flotation 
is due to the surfaces of the mineral particles being 
coated or filmed with a secondary product which makes them 
respond as if they were mixtures of minerals or possibly 
an entirely different mineral. It is also the purpose of
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this thesis to show that when these coats or films of 
secondary products are removed by leaching, the minerals 
can be restored to their normal rate of flotation, or at 
least approximate their normal rate.
It should be explained that this is an 
entirely new field of thought in flotation as far as the 
writer has any knowledge, and consequently the amount of 
research necessary to bring this theory to a final and 
successful conclusion will require many man-years of 
research* It is trusted that sufficient evidence has been 
accumulated to show that the fundamental idea is substantially 
correct and to point the way for further research On this 
subject. The one phase of perfecting a perfect solvent for 
these coatings on the minerals will required considerable 
research. It is the opinion of the author that when such a 
solvent is discovered, the flotation problem of many ores 
will become simple#
FIELD EVIDENCE During the writers eight years of SUPPORTING THEORY
experience in flotation work, three 
striking examples of variations in flotation results have 
been encountered. It was the theorizing and pondering over 
the erratic results of these three ores that lead to the 
theories and desire to investigate these theories presented
-5-
in this thesis*
The first was a Mexican ore* This ore was 
composed of a limestone gangue which had been replaced by 
galena, sphalerite and pyrite, with small quantities of 
chalcopyrite. The individual mineral crystals were large 
and bright and from all visible appearance should have 
given exceptional flotation results. This ore averaged 
10$ Pb, 15$ Zn and 15$ Pe* Average results were 60$ Pb 
concentrate with an 85$ recovery, 53$ Zn concentrate with 
a 75$ recovery which is not particularly good when the 
high grade of the heads are considered. Compare these results 
with a Canadian ore in which the physical characteristics 
of the minerals appeared exactly the same as that of the 
Mexican ore except that the zinc was present as a marmotite 
and the metal content was less. It averaged 2.5$ Pb, 10$ Zn 
and 8$ Pe. This ore gave a 50$ Pb concentrate with a 95-96$ 
recovery and a 53$ Zn concentrate with a 94-95$ recovery.
The lower grade Pb concentrate was due entirely to micaceous 
material floating with the lead. Ho attempt was made to make 
a lead- mica separation.
The daily results of the Mexican ore were o 
erratic and there was a constant fight to obtain reasonable 
results. The zinc insisted in reporting with the lead and 
the iron was difficult to keep out of the zinc concentrate.
6-
In direct constrast to this was the Canadian ore that gave 
as constant results as the rising sun and very little 
attention was ever required in the flotation section of 
the mill. Flotation time on the Mexican ore required 30 
minutes for each concentration, while the Canadian ore 
required lj minutes for the Pb flotation and 3 minutes 
for the zinc flotation. In addition to the flotation time 
twenty minutes was required for conditioning prior to 
zinc flotation, while the Canadian ore no conditioning 
was required. Reagents consumption for the Mexican ore was 
about ten times that required for the Canadian ore and in 
the case of cyanide consumption only one-twentieth was used.
Why should there be such a very wide spread 
in flotation results between two ores that apparently have 
the same characteristics. The answer to this question was 
not seen until the third ore was encountered. This ore was 
from the Rio Tinto district in Spain. It was very fine r 
grained complex ore requiring unusually fine grinding to 
free the individual mineral grains. While the orebody was 
in its initial stage of development, samples were cut from 
the freshly broken development faces of the mine and sent 
to the U.S.A. for flotation test runs. The results reported 
were very satisfactory considering the fine grained nature 
of the ore and a mill was designed and constructed and in 
due coarse placedkn operation. However, over two years
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elapsed between the cutting of the samples for the mill
*
test run and the commencement of operation. During this 
time the orebody was fully developed and stoping operations 
carried to a point that caused general subsidence of the v/h 
whole orebody from the sixth level to surface. When the 
mill was placed in operation, laboratory results could not 
be approached in regular operation. Galena-sphalerite and 
pyrite floated at practically the same rate and differential 
flotation of the separate minerals was practically impossible, 
at least with the efficiency suggested by laboratory results. 
After a lengthy investigation it was shown that the newly 
developed levels of the mine in which fresh ore was taken 
would give results equalling or better than tke original 
laboratory results. The difficulty caw in the treatment of 
the ores above the sixth level where subsidence had taken 
place and ground waters allowed to percolate through the 
orebody. Large blocks of ore two feet in diameter that had 
been exposed to percolating ground waters, high in copper, 
zinc and ferrous sulfates, had been ruined for flotation.
The only conclusion that could be drawn from sxich information 
was that the ground waters had impregnated the ore and had 
deposited copper sulfide on the sphalerite and pyrite so 
thoroughly that all minerals were floating at approximately 
the same rate. This made differential flotation virtually
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impossible by any known flotation scheme and yet the 
visible or microscopic appearance of the interior of any 
sizable piece of the ore was not changed due to this 
impregnation of solutions. Such films or coating of copper 
sulfide along the crystallographic and cleavage faces of 
the sphalerite and pyrite must have been but a few molecules 
in thickness. Otherwise the visible appearance of the ore 
would have changed.
When the theory developed on Spanish ores 
was applied to the Mexican and Canadian ores, the whole 
theory of differential flotation was seen in a new light.
The Canadian orebody had sulfides at grass roots due to 
glaciation periods through which the orebody had passed.
This resulted in ground waters being as free from sulf&tes 
as a mduntain stream so that the individual mineral particles 
were maintained in their initial state and the flotation 
rates of various minerals were that of the pure unaltered 
sulfide. On the other hand the Mexican sulfide orebody was 
overlane with 900 feet of oxides and the copper sulfate and 
other sulfates resulting from oxidation, percolated down 
through the sulfide orebody. Such percolation had caused 
percipitation of copper sulfide along cleavage and crystal­
lographic planes of the sphalerite and pyrite, which in turn 
made differential flotation somewhat difficult.
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SCIENTIFIC EVIDENCE There is an abundance of scientific 
OF FILMS OR COATINGS
evidence to suggest that sulfide 
minerals can be coated or filmed or even completely replaced 
by any metal standing above it in the Schuermans Series. 
Geologic theories of secondary enrichment has as its basis 
sulfur affinities as expressed by Schuermans series. In 
part this series is Ag- Cu- Pb- Zn- Fe, as being the order 
of sulfur affinities of these metallic ions. For instance,
Ag will replace any metal sulfide below it in accordance 
with the equation:
Ag+ + MS = AgS + M+
where M represents any metal below Ag in the series.
A study of ground waters found in and adjacent to ore deposits 
shows that Cu, Zn and Fe are commonly found in solutions as 
sulfates. Lead is seldom found in solution because PbSO^ is 
relatively insoluble. From Schuermans series it is seen that 
Cu (Ag or Pb may be present in negligable amounts but 
insufficient to be considered), could be the only element 
that would coat zinc and iron sulfides, causing these sulfides 
to float at the same rate as pure copper sulfides. The 
equations for such deposition would be:
CuS04 + ZnS = CuS + ZnS04
CuS04 * FeSg= CuS + FeS04
CuS04 + PbS = CuS + PbS04 (both insoluble)
From these equations it will be seen that
'wherever copper sulfate comes in contact with sphalerite
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or pyrites, there will he deposited a film or coating of 
copper sulfide* This deposition of copper sulfide would 
cause pyrite and sphalerite to have the same rate of 
flotability as that of the pure copper sulfide, notwith­
standing the fact that such film or coating may only be 
a mono-molecular thickness and not detectable. In the case 
of lead sulfate, an oxidized coating would be placed on 
the galena which would have the effect of lowering its 
normal flotability* The net result of such deposition would 
be to make sphalerite and pyrite float at the same rate or 
even at a greater rate than the galena thus causing poor 
differential flotation results. The degree to which minerals 
would be changed from their normal flotation rate would 
depend upon the degree to which such chemical reactions had 
been carried out and the precentage of surface affected*
In searching for direct and further evidence 
of the replacement effect according to Schuermans series, 
solutions were made as indicated in the accompanying table 
and potential differences measured between various minerals 
in these solutions* Six minerals, sphalerite, marcasite, 
pyrite, galena, chalcopyrite and covolite were taken and 
the potential difference between each measured in the 
solution. The results of these tests are given in the table 
following:
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Several interesting points were brought to 
light in this experiment* Galena in each case, but especially 
in the presence of S04~ and Ca(OH)g, polarized rapidly 
indicating the formation of PbSO^. This is in accordance 
with field observations. In all cases there was some 
potential existing which indicated solution and deposition 
of metal ions. Many.of the minerals would polarize rapidly 
as noted on the table remarks, but in the case of sphalerite 
in contact with Cu+ the potential drop was only slight. This 
would indicate that copper as copper sulfide was replacing 
zinc sulfide at a fairly constant rate. This is indicative 
of constant penetration of the copper ion into sphalerite.
Each of the minerals were left in a copper 
sulfate solution for a period of sixty days and the surfaces 
examined from time to time*. At the end of the sixty days 
period no detectable deposit of copper sulfide appeared on 
galena but there was evidence of tarnishing and sulfating. 
Other experimenters have been successful in replacing galena 
with copper sulfate, but the time required extended over a 
period of years. Marcasite appeared very little changed.
One specimen was cut perpendicular to the axis of a 
perfect crystal of sphalerite and was placed in a copper 
sulfate solution. After sixty days, microscopic investigation
- 13-
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revealed a copper sulfide coating that was determined to 
be covolite. This determination was made between crossed 
nicols in reflected light, and when the mineral was rotated 
on the stage the characteristic horseflesh*1 color was 
plainly visible.
This covolite had penetrated the pure 
sphalerite crystal .10 to .15 of an inh along crystallo- 
graphie and cleavage boundaries at many different points.
All this was visible to the naked eye. If copper ions can 
penetrate .10 of an inch into sphalerite, replacing sphalerite 
for covolite, it is logical to assume that copper ions will 
migrate along cleavage and crystallographic boundaries, 
thoroughly impregnating a sphalerite crystal with copper 
sulfide under geologic conditions and given geologic time. 
Natural evidence of such replacement is to be seen in the 
Colorado School of Mines mineral collection in drawer No. 85 
- 23. This specimen of pyrite from Bingham Utah shows covolite 
replacing pyrite. It is very evident that this particular 
specimen of pyrite would have a flotation rate approaching 
pupe covolite and if mixed with sphalerite, a differential 
separation by flotation would be difficult.
Many writers on minerallography have called 
attention to the fact that covolite is often found in 
appreciable quantities along crystallographic and cleavage
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boundaries of sphalerite and pyrite. It must be remembered 
that while the evidence given above shows covolite replacing 
sphalerite and pyrite to an extent visible to the naked eye, 
flotation results and flotation rates would be materially 
affected by mono-molecular films that could not be detected 
even microscopically*
From the foregoing it is evident that copper 
does replace sphalerite and pyrite and it is logical to 
conclude that such replacement of mono-molecul&r thickness 
are much more extensive than has heretofor been supposed. If 
this be true it follows directly that a great deal of 
difficulty experienced in making clean differential flotation 
separations is due to these coating of copper sulfate and 
the sulfating of galena surfaces.
THEORIES All flotation theories advanced to date
ADVANCED
have as a basis or initial premise that 
all sulfides are pure minerals. As far as the writer is 
aware, no one has attributed the wide variation in flotation 
results to secondary sulfides present as films or coatings 
on the surfaces of other minerals, particularly sphalerite 
and pyrite. And no one has attempted the removal of such 
films as a preparation to differential flotation. If 
minerals are coated to varying degrees as described in the 
foregoing, the whole flotation problem must resolve itself 
into two distinct steps, namely;
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First- The removal of films or coatings 
of any secondary sulfide from the surface of the mineral 
particle prior to flotation, thus bringing the minerals 
back to their normal flotation rate.
Second- The application of chemical 
theories of flotation - most notably "Solubility of metal 
Xanthates*1- to effect the desired mineral separation on the 
cleaned surfaces.
It is the opinion of the writer that when, 
and only when these two steps have been successfully 
applied to an ore will flotation results attain the highest 
degree of efficiency and flotation results become generally 
uniform.
SOLVENTS FOR The second portion of the research was devoted 
CuS and PbS04 to the search for a suitable solvent for 
CuS and PbS04 and ascertaining the effects of the solvent 
on various ores. Literature was searched for various solvents. 
It was desired to get a solvent that would hold CuS in 
solution as such, rather than oxidize it to the sulfate 
form. At the same time the solvent should take into 
solution PbS04. If a solvent that had a high solubility 
for CuS and PbS04 could have been found, a perfect solution 
of the entire flotation problem would have been possible. 
However, it appears that a satisfactory reagent meeting 
these exact requirements is not generally known and in order
-16
to develope one would have required more time than was 
possible to give to this phase of the subject* Some work 
was done with various organic reagents to see if a definite 
trend could be established, but this was without success*
The reagents generally published in such texts as Mellor 
as solvents for CuS and PbSO^ are:
Copper Sulfide- CuS
Solubility in H20 3.1 x 10"6 mols/lt
SC>2 dissolves CuS without change*
Soluble in KCN and NaCN
10$ S'Qgar solution dissolves *56 gr/ liter 
Thio sulfate preeeptably dissolves CuS 
KMnO^ oxidizes CuS to CuSO^ yaking it soluble 
Ferric sulfate decomposes CuS to CuSO^ 
Galena-PbS
Soluble in Na-K thiosulfates 
Soluble in Saturated solution of KOH and KCN 
Lead Sulfate- PbSO^
Soluble in apueous solutions of Na and KCN 
Decomposed by CaCOlOg 
Soluble in (NHg^SO^
Soluble in Na-K thiosulfates as a complex 
Soluble in ammonia acetate- 15 gr for 1.37gr 
Copper acetate- 100 gr. dissolves 45 gr PbSO^
- 17-
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Some little time was spent in checking up 
these various solvents and particular attention was given 
to the rate of solubility as this is important if used as 
a flotation reagent. After due consideration, sodium thio- 
sulfate was selected as meeting the requirements as closely 
as any reagent known but it was recognized that even this 
was far from the perfect solvent because of its degree of 
solubility.
Ores from two operating plants were selected 
on which to try the effect of thiosulfate. Ore No. 1 is 
notorious for the difficulty in making sharp separations 
between galena, sphalerite and chalcopyrite. Galena in ore 
No. 2 was supposed to be difficult to float.
Some fifty tests were run on these two ores.
Not only the amount of thiosulfate had to be determined, but 
the time of contact had also to be ascertained* It was found 
that when over 8 lbs per ton of thiosulfate was added to 
ore No. 1, beautiful galena flotation conditions were obtained 
but that subsequent flotation of sphalerite was almost
►
impossible. This followed the theory because an excess of 
thiosulfate would not only remove films of covolite from 
sphalerite but would prevent its subsequent formation when 
it was desired to activate it by copper sulfate. It was also 
noticed that with thiosulfate, a longer conditioning time was 
usually required to activate sphalerite with copper sulfate
- 18-
which is also consistent with the theory*
TESTS ON The following two tests were selected to show
ORE NO. 1
the betterment that might be expected by 
dissolving or leaching secondary products from surfaces of 
sulfide particles prior to flotation* Both of these tests 
were conducted in exactly the same manner and under the same 
conditions of grinding and flotation, with only one variable 
(thiosulfate) introduced into the second test.
The general procedure that applies to both 
tests reported herein is as follows. The ore was ground in 
a Denver laboratory ball mill for twenty minutes, removed 
and the pulp washed three times by decantation to remove 
soluble salts. The purpose of washing was to obtain the 
best possible flotation conditions- particularly on Test No. 1 
that were possible. The pulp was then replaced in the ball 
mill and grinding continued for an additional twenty minutes, 
after which it was removed anĉ Jplaced in a Denver Sub-A 
flotation machine. In the second test the variable was 
introduced by adding 4 lbs per ton of sodium thiosulfate 
and 5 lbs soda ash per ton of ore to the ball mill after 
the first grinding period. Sufficient cresylic acid was 
added to the flotation cell to remove a mica froth. Soda 
ash was added to bring the pulp to pH of 7.8 or just pink 
to phenol, and 1.5 lbs zinc sulfate and .08 lb cyanide per 
ton of ore was added. Butyl xanthate was added in sufficient
- 19-
quantities to complete the lead flotation, i.e. until all 
the easily flotable lead had been recovered. After the lead 
flotation was complete, 2.5 lbs lime and 1 lb of copper 
ammonia acetate was added per ton of ore. Sufficient quantity 
of butyl xanthate was added to float all the readily flotable 
copper. This was carried out until zinc appeared in the copper 
froth. However in the case of Test No. 1, zinc appeared at the 
beginning of copper flotation so that the cutoff between Cu 
and Zn was not marked. At the completion of the copper flotation 
2.0 lbs copper sulfate was added and conditioned for 20 minutes. 
Aufficient pine oil was added to make a stable froth and xanthate 
added until all the flotable zinc was removed. Flotation times 
were- Mica, 10 minutes- load, 10 minutes- Copper, 10 minutes 
and zinc 15 minutes. The products as thus produced and reported 
in the tables following, are all rougher concentrates and no 
cleaning was done. The reason for making and reporting rougher 
concentrates was to show the true flotability of each product 
without the effect of crowding out the undersired mineral with 
high circulating loads as would be the case if each concentrate 
had been cleaned. The results of these two tests are given in 
the tables below:
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f,Monetary Recovery'14 is often calculated by 
dividing the gross value of the head ore(gross market value 
of all metals contained therein without any deductions?, by 
the net smelter return per ton of ore (based on all concentrates) 
Calculated on current prices ($0*35 Ag- $0,035 Pb and Zn and 
$0.07 Cu) Test No 1 returns 25.6% of gross value of ore as 
compared to Test No. 2 which returns 31.8% of gross value.
On the grade of head ore shown in Test No. 2, $4.15 per ton 
of ore would be returned from the smelter when thiosulfate 
was not used and $5.17 per ton of ore when thiosulfate was 
used, or an indicated betterment of $1.02 per ton of ore.
COMMENTS ON Several interesting comparisons are to be 
NO. 1 ORE
noted from the above tests. In Test No. 1 
the mica froth represented 10.1% by weight of the head ore 
and contained 18.9% of the total lead, while Test No. 2 
mica concentrate represented 11.4% by weight of the heads but 
only contained 5.6% of the lead. This may have been due to 
thiosulfate preventing the flotation of all minerals until 
after xanthate had been added. AAgain in Test No. 1, the 
lead concentrate was 8.2% by weight of the head ore yielding 
a 37.2% lead concentrate with 68.7% recovery, while 
in test No. 2 the Pb concentrate only represented 5.5% by weight 
and gave 75.0 % Recovery in a 58.5 % Pb product. The
same comments hold for comparison of the copper and zinc
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concentrates; namely, that the percentage by weight in 
the second test using thiosulfate was less, hut the grade 
of concentrate and recovery was greater in each case.
The sharper separation or cutoff on each 
concentrate was noticeable during the test run whenever 
thiosulfate was used. The only explanation for this 
betterment is that the secondary covolite and sulfate were 
removed by thiosulfate which permitted the minerals to follow 
more closely their normal differential flotation rates.
The most interesting point in connection 
with these two tests is that the theory was worked out and 
when put into practice, it worked. Usually theory follows 
practice in the great majority of cases.
TEST ON It was anticipated that the galena in this
ORE NO. 2 ore would be heavily coated with lead sulfate 
or some other secondary mineral because in the mill treating 
this ore gravity concentration is used to recover the most 
of the galena. Unfortunately this was not found to be the 
case on the sample received from this mine. The ore as received 
contained but .8% Pb with a preponderance of both sphalerite 
and pyrite. The pyrite did show heavy oxidation and the 
galena did not have the usual bright blue cast, but strangely 
enought flotation gave good results without pretreatment. 
Because of the low percentage of lead present, it was desired 
to increase the lead content by sorting. Even with the 
sorted heads flotation results on the galena were good.
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However with the addition of thiosulfate some betterment 
was indicated although not as pronounced as was it in the 
case of No. 1 ore#
The grinding procedure was carried out exactly 
as that on No. 1 ore# In Test No. 2- 7 lbs of thiosulfate and 
10 lbs soda ash were added to the ball mill after washing the 
pulp by decantation# The only change in reagents were, .4 
lb cyanide and 1.7 lbs zinc sulfate were added per ton of 
ore and a copper concentrate was not produced. Flotation 
time was kept constant in both cases at 12 minutes for 
galena and 17 minutes for sphalerite. Otherwise manipulations 
were a duplicate of tests on No. 1 ore.
TEST NO. 1 ( Ore No. 2)
No Thiosulfate used
F ^ r o o u c t
%
R m f il y  S ts R  EC O \/£R Y
PL Rk Zn /-e
Reader /oo.O 4 .n /4./ /S.8
6 (S 'On r 6.7 lO. O 4.L <7/0 W 7 1.4
ri dTo n c Zf. (o .6* 4-L.S S.4 4.3 86.4-
F fa  I  s---- (=>8.0 .34 1.44 20.6 4.4 6/7 <97,0
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TEST NO. 2 (Ore No. 2)
7 lbs per ton thiosulfate used
P r o o u c  t V/  a
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C. O mp OJ ite\ Zn t̂iJ 3 0  J . 3 4 8  0 s d ZbS 9o.(o I I I
-COMMENTS ON It is to be noted that in Test No. 5,
NO. 2 ORE TESTS
which was run without thiosulfate added 
to ball mill, 91.0$ of the lead reported in a 56.6$ Pb 
concentrate while in Test No. 4 with thiosulfate, 95$ of the 
lead reported in a 58.0 $ Pb concentrate, *gain we notice 
a betterment in the zinc flotation where 88.4 $ of the 
zinc reported in a 46.5 %  Zn concentrate in Test No. 3 
while in Test No. 4 using thiosulfate, there was 90.6$ of 
the zinc reported in a 48.0 $ Zn concentrate( See composite).
Using thiosulfate as a solvent for secondary 
PbS04 and covolite on the No. 2 ore did not show the same 
degree of improvement as was shown on No. 1 ore, it should 
also be mentioned that there was not the possibility for 
improvement and consequently the degree could not be so marked.
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SU:GG-ESTIONS FOR An attempt might be made to remove films 
FURTHER RESEARCH
of secondary minerals by using ferric 
sulfate, providing the ferric sulfate content of the pulp 
were kept sufficiently high to hold CUSO4 in solution. 
Following such a pre-flotation treatment, the pulp would 
have to be washed thoroughly prior to flotation. It is 
anticipated that in the above case copper minerals would 
float first as a separate concentrate and that galena 
and subsequent minerals would not float until the pulp 
had been made alkaline. It might be of decided benefit to 
float copper ahead of the other minerals in some instances 
particularly where it was desirous of floating gold and 
silver with the copper.
The greatest benefit of further research 
will come from the discovery of a more efficient solvent 
than has been given in this thesis, but this will represent 
a separate research problem in itself.
CONCLUSIONS From laboratory data collected during this 
research, substantiated by observations in 
the field, it is concluded that die differences in flotation 
rates between the same mineral from different mineralogical 
provinces or orebodies, is due to the variation in the 
amount of secondary minerals deposited along the crystallo- 
graphic and cleavage boundaries of the mineral. In the case 
of sphalerite or pyrite, the difference in flotability
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between minerals in various orebodies is due to the amount 
of secondary covolite that has been deposited on the surfaces 
of the mineral grains of sphalerite and pyrite* Differences 
in the flotability of galena is due to the sulfating of the 
surfaces of galena* Such depositions as are herein considered 
are probably but a few molecules in thickness and are not 
detectable except by the variation in their flotation rates* 
This secondary film or coating of CuS and 
PbSC>4 can be removed by applying suitable solvents for these 
coatings and when removed the minerals are returned to their 
normal differential rate. A perfect solvent for CuS and PbSO^ 
has not been found but sodium thiosulfate met the requirements 
partially and when applied to two different ores, marked 
improvements were made in the differential separations of 
the various minerals*
When better solvents are discovered, it is very 
possible that all flotation practice will become uniform in 
procedure and results obtained* It will be possible to make 
uniformly high grade concentrates and recoveries and flotation 
will become' approximately fixed in procedure. These conclusions 
and predictions do not, however, apply to those types of ores 
that are eutectic mixtures of two or more sulfides, or too 
finely crystalline to be freed by grinding, but such ores 
are usually limited in extent even in the same mineralogical 
province and are of little commercial importance as compared 
to ores that can be freed by grinding.
